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CHAPTER I 
INTRODUCTION AND PURPOSE 
The purpose o~ this study is to construct a weight-re-
sistance strength test to measure the total strength o~ the 
musculature o~ the individual at the secondary school level. 
Also, to demonstrate certain uses which can be made of 
strength tests in the administration or any high school physi-
cal education program which involves: 
(A) the use of team games; and 
(B) differentiated programs for pupils with different 
physical developments. 
The sum of the test elements will be computed and an Un-
weighted Strength Index will be assigned to the individuals 
who have taken the test. This total crude strength will be 
interpreted in the ~orm o~ a Strength Index, which is useful 
in the classification for performance in the physical education 
program. 
In the development of any physical education program, a 
testing program is necessary to understand each child's needs 
in order to administer adequate guidance and adapt programs to 
1 
his needs. Dudley A. Sargent, states: 
It seems to me advisable •••• tbat the physical director 
1 
Dudley A. Sargent, "Twenty Years of Progress in Efficienc 
Tests,• American Physical Education Review, 18: No. 7. October, 
1913, P• 86. 
1 
should confine himself to the more fundamental tests, 
which bring out certain basic abilities common to 
many forms of gymnastics and athletics, such as 
strength, speed, endurance, and so forth, rather than 
to tests that call for special qualities in a narrower 
line of action. 
Tests of strength are useful in the physical education 
program, in that strength is a reliable index to physical fit-
ness, that is an individual is considered physically fit when 
his capacity for physical performance and his endurance in 
physical activities are great. The athlete is prepared for 
athletic contests primarily by large-muscle activities; in 
fact, it is impossible to condition him without such activity. 
His capacity for physical performance, his physical fitness, 
increases as he nears his peak. Therefore, since large-muscle 
activity improves general fitness, and since, as physiologists 
tell us by using the muscles they are thereby strengthened, a 
measure of the strength status of the muscles, as related to 
general maturity and size of the individual, should also be a 
3 
measure of the physical fitness of the individual. 
The loss of strength is among the first things noticed 
when one is ill; the return of it, one of the first things 
noticed upon recovery. Individuals with low, high, or rapidly 
2 
Frederick Rand Rogers., Physical Capacity Tests in The 
Administration of Physical Education (Teachers' College 
Columbia University), 1926, p. 83. 
3 
Lawrence E. Morehouse and Augustus T. Miller, Physiology 
of Exercise (St. Louis: C. v. Mosby Company, 1948), p. 232. 
2 
changing Strength Index, need the physical educators care, and 
they may or may not need the attention of physicians. 
A number of studies are available showing the significance 
of a change in grip strength to a change in physical fitness. 
The effects of illness, fatigue, and physical drains upon the 
strength of the body is shown for example, by experiments with 
4 
grip strength. Wylie reports the grip history of a forty 
year old male subject. " n His normal grip strength, determined 
after repeated tests, was 125. For reasons not suspected at 
the time, his grip steadily dropped six pounds in three weeks. 
Diagnosed as afflicted by intestinal paraistism,. he was hos-
pitalized and a seven foot tapeworm was removed. During the 
next eight weeks, the subject's grip rose to 145. 
Strength tests have also been used to measure the strength 
of specific muscle groups weakened or impaired as a result of 
5 
disease or injury. The use of such tests determine the 
strength status of therapeutic exercise, and the amount of im-
provement at regular intervals is necessary, in the treatment 
of orthopedic disabilities. In medicine, 11manual" orthopedic 
strength tests, by which the ability of the muscle to o~ercome 
4 
James A. Wylie, "Case Reports of Physical Ailments 
Strength Tests, 11 Mimeographed Report, Boston University, 
on Gri 
Boston ! 
Mass., 1938. 
5 
H. Harrison Clarke, ~A~~~~~~~--~~~~~~~~~~~ 
and Physical Education (New 
p. l54. 
I 
I 
3 
'I \.r 
gravity and resistance applied manually by the examiner, is 
6 
subjectively estimated. An early objective test for this 
7 
purpose was devised by Martin, in which a spring balance was 
used for mea. suring the strength of twenty-two muscle groups . 
In this test, a sling was fastened to the extremity, with the 
pull at right angles to the long axis of the limb. An assist-
ant held the spring balance, fastened to the other end of the 
sling; the subject controlled the muscle being tested and held 
it against the pull of the spring balance. The resistance 
registered, represented the muscular strength. 
~ith trained pupil-assistants, the physical director may 
determine Strength Indices from fifty to one hundred pupils per 
day, depending upon school organization. With these Strength 
Indices, he may divide physical education classes into teams 
of equal ability for competition in team games, (and other 
programs), by simply arranging the largest number at the top 
and so on. Then, dealing out names in as many groups as there 
are to be teams, dealing alternately from left to right, until 
all cards or names are dealt out. To protect the weaker boys 
6 
Lucile Daniels and M. Williams, Muscle Testing (Phila-
delphia: w. B. Saunders Company, 1947), p!p;9-~~: . 
7 I 
E. G. Martin, "Tests of Muscular Efficiency," Physiologi-
cal Reviews, July, Vol.l, 1921, pp. 18-21. 
4 
there should be at least two, and preferably three levels of 
ability, for each class. 
It is in the hope that through such administrative pro-
cedures, physical education may be better adapted to individual 
needs and made more truly, and more broadly, educative. 
Even today, classification of pupils for physical educatio · 
is attempted in only the crudest way--by chronological age and 
grade level. The writer hopes that in the Strength Indice, 
the physical educator may be provided with a more valid, and 
useful method of determining the general needs of pupils, and 
that they may be encouraged, thereby to organize programs and 
activities better adjusted to meet individual needs. 
5 
CHAPTER II 
REVIEW OF THE LITERATURE 
The results of a survey of recent and past research indi-
cate that further study in the area of strength testing is 
definitely desirable. A summary of the literature concerned 
with strength testing follows. 
Perhaps the zero hour of strength tests occurred when 
Frederick Rand Rogers proposed to a group of school administra-
tors in December, 1923, that "general athletic ability was 
positively and highly correlated with physical capacity test 
scores, 11 experimenters in every part of the nation have dis-
covered that strength is a prime requisite of athletic ability. 
The following comments are on tests developed since 1924: 
In 1925, the Strength Index and Physical Fitness Index 
were formulated. The P.F-.I., was used a.s a general measure 
of capacity for physical activity, and has become the prime 
basis for classifying hundreds of pupils in physical education. 
John T. Bovard, and Frederick W. Cozens, in 1926 reviewed 
the litera ture of physical education tests. Their comments on 
strength tests are as follows: 
1 
Frederick Rand Rogers, Physical Capacit~ Tests in the 
Administration of Physical Education (New Yor : Teachers' 
College, Oolumbia University, Bureau of Publications, 1925), 
Chapter VI. 
6 
'I I 
·/ 
The strength tests, practically discarded for 
the last ten years, have been recently revived • •• 
This would seem to pave the way for the conclusion, 
that we should discard no material, or device, which 
offers possibilities for measuring in physical edu-
cation. Many people in physical education feel 
that the mass of detailed anthropometric measure-
ments, once almost universally taken on college men, 
may well be consigned to the scrap heap . 2 
James s. Bliss, after involved experimental investigation 
in 1927 concluded that "strength is the basic element to be 
3 
considered in the adaptation of big muscle activities." 
In 1927, McCloy published a study of Chinese students, 
in which he recognized the relation between lung capacity, 
physical activity, and health. He observed that, "The vital 
capacities of the women of Oberlin run above those of Chinese 
women," and correctly concludes: 11 This, possibly, about repre-
sents the difference in the activity of the two groups. Chines« 
college women largely represent a group that has grown up with 
4 
little exercise. 
Cozens again in 1929 again recognized the importance of 
strength in athletic ability by inc l uding the "dips" on the 
2 
J. F. Bovard and F. W. Cozens, Tests and Measurements in 
Physical Education' 1861-1925 (Eugene, Oregon: University of 
Oregon Press, 1927 , pp. 7, 8, 8, 11, 15, 16, 17, 18, 66, 67, 
72. 
3 
J. s. Bliss, "A study of Progression Based on Age, Sex, 
and Individual Differences in Strength and Skill," American 
Physical Education Review, pp. 11-21, 85-89, 1927. 
4 
c. H. McCloy, 11 Vital Capacity of Chinese Students," 
Archives of Internal Medicine, November, 1927. 
7 
paralleled bars as one of a battery of seven tests for college 
5 
men. 
Between 1925 and 1928, several tests of physical efficienc 
were devised for women, which included lung capacity, grip 
strJngth, back and leg strength. Most noteworthy of these were l 6 7 8 
tesbls by Wayman, Collins and Howe, and Garfield. 
, Since 1928, McCloy has made a number of significant contri 
I 
but ~ons to the field of measurement in physical education. Mos 
I 
of these are measures of strength, and of these, he has concen-
trated on pull-ups and push-ups to measure arm strength. 
: During 1929-1932, G. N. Messer experimented with strength 
testis, (the S.I. and P.F.I.) in Williams college. He found 
theJ to be highly useful in classifying students, measuring 
i 
prog:ress, and motivating activities. He found a correlation 
i 
of .!92 between the Strength Index and the general athietic 
I abi~ities of college men, as determined by objective tests. 
Als~, the athletes at Williams college attained Strength Indice 
! 
5 
I F. w. Cozens, The Measurement of General Athletic Ability 
in C[ollege Men (Eugene, Oregon: University of Oregon Press, 
192,)6pp. 18-f9. 
Agnes Wayman, Education Through Physical Education (Phila 
delphia: Lee and Febiger, 1928), 
7 
Vivian D. Collins and Eugene C. Howe, 11 The Measurement of 
Organic and Neuromuscular Skill, 11 American Ph;y:sical Education 
Review, pp. 64-69, 1924. 
8 
Evelyn Garfield, "The Measurement of Motor Ability, 11 
Archives of Psychologx, No. 62, 1923. 
8 
9 
not reached by 90 per cent of the student body. 
In 1931, Florence D. Alden, Margery O'Neil Horton, and 
Grace Marie Caldwell, completed a motor ability test for collegE 
10 
women. Their test includes several strength elements, especi-
ally the fifty-yard dash, jump and reach, bend high hang, and 
trunk bend. The last named, is a dynamometer test. An analysi. 
of their report indicates that strength tests are as valid 
measures for college women as for college men or high school 
boys and girls. 
In 1933, McCurdy completed several years' research, the 
object of which was to devise a more effective measure of 
general athletic ability than was provided by the Strength 
Index. McCurdy's work is highly significant. He added to cer-
tain strength tests the Sargent jump test to measure ''muscular 
velocity," as contrasted with strength, and showed that the 
jump test measured a different quality than was measured by 
11 
strength tests. 
9 
G. N. Messer, "Critical Analysis of the Application of thE· 
Rogers Physical Fitness Test to Williams College Students, 11 Ph. 
D. Thesis, New York University School of Education, New York--
University, 1932. 
10 
Florence D. Alden, Grace Marie Caldwell, and Margery 
O'Neil Horton, "A Motor Ability Test for University Women for tl e 
Classification of Entering Students into Homogeneous Groups," 
Research Quarterly, 3:1, 1932. 
11 
H.L.McCurdy, A Test for Measuring_ the Physical Capacity o 1 
SecondarkSchool Boys, lNew York: Teachers College, Golumbia Uni" 
versity reau of Publications, 1932), 
9 
Among studies or articles pertaining to strength tests, of 
less scientific basis, but which reveal an increasing interest 
in the form of measurement, the following are of interest: 
Smiley and Chamberlain, in 1931 reported a relatively 
high correlation between the P.F.I., and medical ratings of 
12 
physical fitness. In 1933, Chamberlain contributed an illumi-
nating article to the Journal of Health and Phys ical Education, 
on meeting individual needs through strength testing, classi-
13 
fication, and such, in Rorchester. 
14 
Wylie in a study based on a Master's Thesis (1933) re-
veals that strength tests are of great significance in measur-
ing the effectiveness of summer Boy Scout camp activities, and 
in motivating both boy and parent interest. 
It is the author's belief tha t strength tests measure 
human qualities of prime importance in any but a purely in-
tellectual society. Any human society, at least within the 
present century, cannot conceivably avoid the use of muscles. 
12 
c. G. Chamberlain and D. R. Smiley, "Functional Health 
and the Physical Fitness Index," Research Quarterly, 2:193-198, 
1931. 
13 
c. G. Chamberlain, "Meeting Individual Needs in Physical 
Education," Journal of Health and Physical Education, 4:8, 1933 
14 . 
James Wylie, "Health As An Objective of Summer Camps 
For Boys. The Method and Extent to Which it is Developed," 
Masters Thesis, Bost.Qn University, 1933. 
10 
THE SELECTION OF TEST ITEMS 
McCloy states: 
The general practice in selecting test items is 
first to assemble all test items suggested by other 
experimenters, which seem to bear upon the ability to 
be measured, and then to attempt to invent as many 
new test items which might bear upon this ability as 
possible. All of these items should be subjectively 
evaluated and those which show any promise whatever 
of being worth-while retained for trial. 15 
In this preliminary selection of items, a number 
of considerations should be kept in mind:16 
1. Test elements which necessitate very expensive appara-
tus should usually be dropped, unless the test is formulated 
for a specific situation where such apparatus may be procured. 
2. Test which limit performance at either end of the 
range are usually not considered good, unless they are supple-
mented by other test elements which overcome this deficiency. 
3. Test elements which are not readily scored in objectiv 
units are difficult to include in a test battery. 
4. A test element which contributes to the skill of the 
individual who practices it and which can still be used as a 
test, is usually to be preferred to a test which has no such 
carry-over v~lues. 
15 
11 
C. H. McCloy, Test and Measurements in Health and Physic~l 
Education (New York and London: Appleton-Century Urofts, Inc., 
1946), pp. 306-315. 
16 
Ibid., pp. 311. 
·I 
THE PRELIMINARY TRYOUT OF TEST ITEMS 
After standardized methods of administration have been 
formulated and tested, each of the test elements selected is 
administered to a trial group. This group should be typical 
of the group for which the test is to be standardized and ade-
quate opportunity to make as good a record as is possible for 
the individual to make should be given. Each test item should 
be given twice to at least sixty or seventy subjects, or to one 
hundred if possible. 
RELIABILITY AND OBJECTIVITY 
1. Tests which show a high degree of inconsistency or 
unreliability between the first and second trials, should be 
17 
eliminated. 
2. Tests which have proved difficult to administer are 
usually abandoned. It may be for example: that it is difficult 
to standardize the skill, particularly when the test is to be 
given without practice. Administration may be difficult be-
cause the directions are too complicated, or there are too 
18 
many items to remember. 
VALIDATION 
Validity: Clarke states: 
17 
McCloy, op. cit., P• 8. 
18Th"l<L,_ n g 
12 
In constructing tests in Physical Education, the 
researcher presents evidence to support his contentio~ 
regarding the elements or traits that his test measure. 
In order to do this~ he establishes a criterion of the 
element being measured, and compares the new test with 
this criterion measure. If the two have a high re-
lationship--if they go together, if the test and cri-
terion agree--the researcher may logically conclude 
that his test measures the same quality as does the 
criterion.l9 
In determining the validity of a test, two elements should 
be evaluated: {1) the degree to which the criterion measure 
represents the quality being measured; {2) the amount of re-
lationship shown between the test and the criterion. 
The Criterion: Clarke goes on to state that, 1'there are 
several ways to establish criterion measures. A simple method 
is to utilize a test of the same quality, the validity of 
20 
which has been established.n 
Relationship: Relationship is usually shown by corre-
lational methods, in which the proposed test is related by 
mathematical procedures with the criterion measure. In these 
instances, the most desirable standards are .90 and above, 
21 
although correlations above .80 are considered significant. 
19 
H. Harrison Clarke, Application of Measurement to He~th 
and Physical Education {New York: Prent ice Hall, Inc., 1950), 
P• 30. 
20 
Loc. cit. 
21-
Ibid., p. 32. 
I 
I 
13 
Summary: From the review of the research reported in this 
chapter, there is evidence that: 
1. The trial group to which a test is administered, shoulc 
consist of from one to several hundred cases. This group 
should be similar to the group for which the test is intended. 
The criterion should be a valid measur e of that which the test 
is to measure. 
2. The tests of a battery should have a low correlation 
with each other, and a correlation as high as possible with 
the criterion score. 
3. There is a need for more information regarding 
strength testing. 
With these facts in mind, the writer attempted to design 
a test, when administered to boys a t the secondary school 
level, would measure the strength of the total musculature of 
the individuals taking the test. 
14 
CHAPTER III 
PROCEDURE OF THE STUDY 
The Construction of the Test 
1. The Two Ha nd Curl - The subject grasps the barbell 
with an underha nd grip, knuckles facing downward, and comes 
t o an erect position with the bar coming across the thighs. 
The hands should be kept apart at shoulder width and the e lbows 
clos e to the sides. The bar i s the n curled to the chest, st i ll 
keeping the elbows close to the sides; the bar is then lowered 
so tha t it aga in rests against the thighs. The back should 
be kept straight so that the arms receive their full benefit. 
This moveme nt is repeated as many times as the subject is able 
to do so with good form. 
2. Deep Knee Bend (With Feet Fla t) - The subject stands 
erect with the barbell resting across his shoulders behind 
the neck. This bar can be placed there by the tester. The 
hands should be spread wide to suppor t and balHnce the bar. 
Keeping the feet flat on the floor and the back straight, the 
subject squats down bringing his lower extremities as tlose to 
the .floor as possible. He then returns to an erect position 
and repeats as many times as he is able. 
3. The Dumbell Press - The subject grasps the dumbell 
bars with hands, knuckles out, about shoulder width apart. 
The dumbells are pulled up to the chest at the shoulder l evel, 
turning the wrists so that the bar is cradled in the palms of 
15 
the hands. From this starting position, the weight is pushed up 
to an overhead position until elbows are straight. The bar is 
then lowered to shoulder level again and the movement is then 
repeated. 
4. The Upright Rowing Motion- The subject grasps the bar ~ 
bell with a narrow grip, knuckles forward, and lets it rest 
across the thighs with the arms straight. Keeping the back 
straight, the subject pulls the bar straight up to a point under 
the chin and then lowers it to the starting position. The elbow 
will bend and raise outward and up, as the bar is raised. Repeat 
as many times as possible. 
5. Sit Ups - The subject lies flat on the floor with 
another subject grasping his ankles firmly. A barbell plate is 
placed on the s~bject's chest. Keeping the legs straight, the 
subject sits up and bending forward as far as possible. Return 
to starting position and repeat again. 
The Test Items and the Muscles Involved in Each Item 
1. The Two Hand Curl 
----
Primary Muscles Involved 
Biceps 
Ooraco Brachialis 
Brachial is 
Secondary Muscles Involved 
Palmaris Longus 
2. ~Deep~~ 
Primary Muscles Involved 
Rectus Femoris 
Vastus Internus 
vastus Externus 
Sartorius_ 
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Secondary Muscles Involved 
Gluteus Maximus 
Hamstring Group 
3. The Dumbell Press 
Primary Muscles Involved 
Tricepts 
Trapezius 
Deltoids 
Secondary Muscles Involved 
Rhomboids, Minor and Major 
Levator Scapulae 
Serratus 
4. The Upright Rowing Motion 
Primary Muscles Involved 
Trapezius 
P-ectoralis, Ma jor and Minor 
Deltoids 
Latissimus Dorsi 
Secondary Muscles Involved 
Rhomboids 
Teres, Major and Minor 
5. ~ Sit-Up 
Primary Muscles Involved 
Rectus Abdominus 
Transversus 
Pyramidalis 
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Secondary Muscles Involved 
Equipment and Cost 
External and Internal Oblique 
Psoas, Major and Minor 
All the items to be included in the weight resistance 
strength test are to be performed with either a barbell or 
an adjustable dumbell . The barbell consists of a solid steel 
bar which may vary in lengths of four, five or six feet, 
depending on the type. It has a diameter of one inch and 
weighs · approximately fifteen pounds, with the length of tre 
bar a determining factor of its weight. The six foot bar 
was used at a weight of fifteen pounds, for the author's pur-· 
pose. The weights which are placed on the bar are circular 
iron plates, which vary in diameter and thicknes s, depending 
on the weight of the plate . In the center of the plate, there 
is a hole to permit it to be slipped on to the bar. These 
plates come in standard weights of one and one quarter, two 
and one half, five, seven and one half, ten, twelve and one 
half, fifteen, twenty, and twenty-five pounds, with the selec-
tion of plates depending on the type of barbell set that has 
been obtained. 
The barbell must be balanced with siffiilar weights on 
~ each end. In order to accomplish this, a lock collar is 
placed about twelve inches from each end of the bar and locked 
in place to prevent the plates from slipping toward the center 
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of the bar, and disrupting the balance. After the necessary 
weights are placed on each end of the bar, another lock collar 
is placed on each end of the bar directly against the last 
plate, to prevent the plates from slipping off the end. A 
small wrench secures the lock collars. 
The adjustable dumbell is used for the same plan. The 
bar consists of a thirteen inch hollow pipe about one inch 
in diameter, and weighing approximately one pound. A lock 
, collar is also secured to each end of the bar, ab out three 
or four inches from the end of the bar. The plates are added 
as required and a lock collar is placed on each end to prevent 
slipping of the plates. 
Some of the exercises in the test will be performed with 
the barbell, while others will be performed with a dumbell 
in each hand. By combining the use of the dumbells and barbell 
the various muscle groups may be tested. 
The cost of these materials necessary to administer the 
Weight Resistance Strength Test is approximately twenty-five 
dollars. 
Administration of the Test to an Experimental Group 
The constructed test was given to an experimental group 
of 23 students comprised of 12 juniors and 11 seniors. This I 
group was typical of the group for which the test was intended. / 
Any points at which the administrative directions seemed to / 
lack clarity were noted, and an attempt made to improve them. 
19 
From the time taken by this group t o finish each item 
on the test, the approximate time allowed for each item was 
determined. The test was administered to this same group 
one wee k after the initial testing took place in order to 
compute the reliability coefficient of the test. 
Scoring the Test 
To score the weight resistance strength test the author 
used T-scores computed for each item on the test. The sum 
of the T-scores for es.ch test it em were added together for 
the final Raw Unweighted Strength Index. 
The items on the test being continuous variables r ather 
t han pass or fail items necessitated the author to use McCall's 
special table for computing T-scores for events of this nature. 
Also a sample strength test record card is included i n 
the appendix. 
Methods of Collecting Data 
The physical director of the school system in Concord, 
Massachusetts was visited, arrl the · purpose of the study ex-
plained to him . He readily agreed to cooperate as much as 
1 
Charles Harold McCloy, Test and Measurements in Health 
and Physical Education . Appleton-Century Crofts Inc., 
New York-London. 98 pp. 
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possible, and permission to do testing and collecting data was 
granted officially. 
A preliminary study on a limited number of boys to de-
termine the most practicable workload, and the amount of weight 
to be used on the barbell on each of the test items, was de-
termined. The main emphasis of the preliminary study was to 
adapt the tests to the subjects, with the hope that the re-
action would not permit undue distress or on the other hand, 
would not be too moderate. 
It was definitely decided to use the following: 
1 . A total weight of eighty-five pounds on the barbell 
for the curl, upright rowing motion, and two hand 
press. 
2. A total weight of one hundred and twenty pounds on 
the barbell for the deep knee bend. 
3. A ten and one half pound iron barbell plate to be 
used for the sit-ups. 
A data sheet was constructed to record the data. The 
data sheet can be found in the appendix. 
The physical director and the nurse of the school, assured 
the writer that every boy to be tested had been medically ex-
amined during the year, and those who were not fit for the 
testing, were eliminated. 
To facilitate the best possible conditions under which 
the test was to be administered, the facilities selected were: 
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a. Weight-room in the Concord school. 
b. Locker-room for subject s wa iting to take the test. 
The weight and locker-rooms provided the best opportunity for 
quiet and privacy. 
The Instructions and Procedures For The Administration of The 
Weight Resistance Strength Test 
Equipment: 
1. Standard scale for height and weight measurements. 
2. A data sheet to record the results of the tests 
and measurements. 
3. Two tumbling mats (for sit-ups). 
4. One regulation York barbell set, complete with 
lock collars. 
5 . One bench to be used by subjects while resting 
between test items. 
6. A cake of magnesium carbonate for dusting the 
hands if they should become moist and slippery. 
7. Foot outlines painted on the floor before the 
barbell to indicate the correct position of 
the feet. 
Administration: 
To follow a regular schedul e a nd to interfere as 
lit tle as possible with the regular program of physical educa-
tion, the physical education class schedules were studied, 
to enable a majority of boys to be measured for height, weight, 
age, and body build, one to three days before the testing took 
place. 
Students who were unable to take the tests, assisted 
in recording the scores made during the period of testing. 
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The subjects were given clear and concise direc tions as 
to the purpose of the testing . 
The order of items on the weight resistance strength was 
as follows: 
a. the two hand curl 
b. the deep knee bend 
c. the dumb ell press 
d. the upright rowing motion 
e. the sit-up 
Handling of Subjects: 
Ten subjects reported to the weight-room from the 
gym class . Each subject was assigned a number which corres-
ponded to a number on the data sheet . The subjects were then 
seated on a bench, consecutively, a ccording to the number 
each had been assigned . 
'11he first item on the strength test was demonstrated 
by the author and his assistant before a l lowing the first sub-
ject to attempt the first item on the test . All ten subjects 
had to complete the first item on the test before moving on 
to the next test item. A time period of five minutes elapsed 
between test items which is significant, in that it allowed 
the subjects a sufficient rest period. 
The next test item was then demonstrated, and again 
all subjects completed the second item on the test, before 
the following item was taken up. The assistant did all the 
23 
scoring . 
A l a rger number of subjects could have be e n tested each 
period if more equipment bad been availa-ble . 
Subjects Tested and Dates: 
Seniors. . . . . . . . . . . . . . 43 
Date ..... .....• April 9 to May 29, 1951 
Juniors. • • • • • • • • • • • • • 57 
Date . .........• April 9 to May 29, 1951 
Total •••••••••••••••• 100 Boys 
24 
I 1--=--=--=-
i 
CHAPTER IV 
VALIDATION OF THE TEST 
In t h is study the author attempt'ed to validate his test 
kensiologically. 
Kensiolo gical Validation 
The author with the aid and advice of experts in the field 
of weight training , namely Bob Hoffman (owner of the York Barbel] 
I 
Company), Joseph \Ieidner, editor of Your Physique magazine, John 
Grimeck, t wice holder of the M:r. America title and noted author-
i ty on weight training , and Walter Zacofsky, light-hea vyvveight 
New Eng land Lifting Champion in 1941, attempted to validate the 
Weight Resistence Strength test subjectively kensiologically. 
1 
A review of the literature published by these authorities 
along with a personal interview with Nir. Zacofsky was conducted 
by the author and through a study of the origin, insertion and 
function of the various muscles involved in the Weight ResistancE 
l:::l trength t es t, . the author with the advice of the above experts 
attempted to predict that the various items on the tests were an 
accurate measure of the strength of the mus cles involved. 
1 Bob Hoffman, York Barbell and Dumbell System, Course Numbe 
One and Two. York, Pennsylvania: York Barbell Company, 1946. 
Joseph Weidner, "The Action of the Muscles of the Shoulder 
Girdle When Performing the Upright Rowing Motion", Your Physique 
1944, Vleidner Publishing Co., Montreal, Canada. 
John Grimeck, "The Muscle bound Q,uestion", Strength and 
Hea lth Magazine, York, Penna., York Barbell Company, 1945. 
Earle Leiderman, Secrets of Strength, New York: Leiderman 
Publishing Company, 1925, 218 pp. 
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Procedure: The five methods of studying muscular action 
! and t he me t h ods used in thi s study: 
I l. StUdy of t h e conditions under which a muscle acts by 
the us e of a mounted s keleton, noticing its points of attachment !' 
direction of pull, and leverage. By using rubber bands to indi-
cate the direction of pull, an objective study of muscular 
'a ction ma y be made. The author us ed this me t hod in his study. 
2. By pulling up on the partly dissect ed muscle s of a cada-
a nd noticing the resulting movement. 
3. Stimulation of individual muscles by e lectric current 
and noticing the result ing movements. 
4. The study of s ubjects who hav e lost t h e us e of certain 
mus cle s to l' ind what t he loss of power and movement has resulted, 
and whe t her any abnormal p os tures have been produced. 
I 5. 3t udy of t he normal living body, to find what ruuscles 
contra ct in certain exercises and what movements call certain 
I 
muscles into action . This method was also us ed by t h e author. 
lv1echanical action of the muscles involved in each test item 
Mus cles Involved 
Biceps Brachi 
Origin Long Head f rom t he tuber os ity a t the 
upper ma r gin of the glenoid cavity. 
Short Head from t he coracoid proces s 
lawilbur Pardo n Bowen, Applied Anatomy and Kensiology. 
(Phila delphia: Lea and Febiger, 1947). pp . 28-30. 
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2Bowen, ££• cit., pp . 110-321. 
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Insertion Tuberosity of the Radius. 
Function Flexes the elbow. 
Brachi alis 
Origin Lower half of front of humerus 
Insertion Tuberosity of ulna and caracoid 
process. 
Function Flexes the forearm. 
Coracobrachialis 
Or i gin Coracoid process of scapula 
Insertion Mesial border of humerus 
Function Flexes the arm 
The Two Hand Curl involves a lever of the third class, wher 
the force i s applied between the resistance (whi ch in this study 
is the barbell) and the axis which is t he trochlea of the humeru • 
When the t wo hand curl is performed properly, the muscles 
involved in the a ction (biceps, brachi, coracobra chialis, and 
brachialis) are put under contraction, t hus fle xing the elbow an 
forearm. This a ction may be demonstrated by the use of a rubber 
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band attached to the bony levers involved. 
(2) The Deep Knee Bend 
Mus cles Involved 
Rectus Femoris 
Origin 
Ins ertion 
Anterior inferior spine of the ili 
ant erior margin of the acetabulum. 
Tuberosity of the tibia. 
Function 
Vastus Internus 
Origin 
Insertion 
Function 
vastus Externus 
Origin 
Insertion 
Function 
Sartorius 
Origin 
Insertion 
Function 
Flexion of the trunk and the 
thigh, extension of the knee. 
Medial lip of the linea aspera 
Tuberosity of the tibia. 
Extension of the knee. 
Lateral lip of the linea asper~ • 
Tuberosity of the tibia. 
Extension of the knee. 
Anterior superior spine of the 
ilium. 
Media l surface of the inner 
condyle of the tibia. 
1. flexi on of the trunk 
2. flexion of the knee 
3. outward rotation of femur 
The deep knee bend requires strong extension and flexion 
of the knee, and also flexion of the trunk. During the down-
ward movement , gravity is allowed to do the work . If muscular 
effort is used during the downward movement, antagonists check 
the speed of the movement . 
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(3) The Dumbell Press 
Muscles Involved 
Triceps 
Origin 1. infraglenoid fossa of the 
Insertion 
Function 
Trapezius 
Origin 
Insertion 
Function 
scapula 
2. posterior surface of the humeru 
above and below the musculospir 1 
groove 
Olecranon process of the ulna 
1. extension of the forearm 
2. long head, slight extension 
of the humerus 
1. base of occipital bone 
2. spinous processes of all cervi-
cal and dorsal vertebrae 
3. ligamentum nuchae 
1. outer third of posterior border 
of clavicle 
2. top of acromion 
3. upper border of spine of scapul 
1. upward rotation of scapula 
2. adduction of scapula 
3. depression of scapula 
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Deltoids 
Origin 1. outer half of anterior surface 
of clavicle 
Insertion Deltoid tubercle on humerus 
Function 1. Flexion of the humerus 
2. helps other parts in abduction 
of humerus 
3. forward movement of the arm 
through a transverse plane when 
arms starts in abducted position 
When performing the dumbell press, the arms act as a first 
class lever, the vertebrae acting as fulcrum, and the trunk 
muscles pulling down as the arm goes up . 
vVhen the weight is to be lifted overhead (as in the dumbel 
press) the trunk is used as far as possible to aid the arms. 
Grasping the dumbell as it lies on the floor it is brought to 
the first position (at shoulder level) by the action of ex-
tensors of the trunk and limbs to come to the next position 
( that of raising the dumbell overhead) the combined efforts 
4 
of the tricepts, deltoids, and trapezius are involved. 
( 4) The Upright Rowing Motion 
Muscles Involved 
4 
Bowen, op. cit., PP• 110-321. 
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Trapezius 
Origin 
Insertion 
Function 
1. base of occipital bone 
2. spinous processes of all cervical 
and dorsal vertebrae 
3. ligamentum nuchae 
1. outer third of posterior border 
of clavicle 
2. top of acromion 
3. upper border of spine of scapula 
1. upward rotation of scapula 
2. adduction of scapula 
3. depression of scapula 
Pectoralis Major and Minor 
Origin 
Insertion 
Function 
1. outer surface of third, fourth, 
and fifth ribs 
2. medial half of anterior surface 
of clavicle 
1. coracoid process af scapula 
2. lateral lip of bicipital groove 
of the humerus 
1. downward rotation of scapula 
2. adduction of humerus 
3. flexion of the humerus 
4. inward rotation of humerus 
5. elevation of the ribs 
I 
I 
I 
I 
II 
!I 
il 
Latissimus Dorsi 
Origin 
Insertion 
Function 
Rhomboids 
Origin 
Insertion 
Function 
1. spines of the last six thoracic 
vertebrae 
2. posterior position of last three 
ribs 
3. lumbar aponeurosis 
Bottom of bicipital groove on the 
humerus 
1. depression of the humerus 
2. adduction of the humerus 
3. inward rotation of the humerus 
4. rotation of the trunk backward 
when the arms are fixed overhead 
Spinous processes of seventh cervical 
and upper four thoracic vertebrae 
Vertebral border of scapula from 
spine to inferior angle 
1. downward rotation of scapula 
2. adduction of scapula 
All movements which require elevation of the arms bring 
into action the muscles of the shoulder giDlle. The action of 
these muscles being adduction, inward rotation and fexion of 
the humerus. The upright rowing motion which required elevatio 
1 of the arms, involves the muscles of the shoulder girdle. 
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(5) The Sit Up 
Muscles Involved 
Rectus abdominis 
Origin 
Insertion 
Function 
External oblique 
Origin 
Insertion 
Function 
Internal oblique 
Origin 
Insertion 
1. xiphoid process 
2. cartilage of the sixth, seventh, 
and eighth ribs 
Crest of the Os pubis 
Flexion of the trunk 
Outer border of -lower eight ribs 
1. anterior half of outer lip of 
iliac crest 
2. Poupart's ligament 
3. linea alba 
1. flexion of trunk 
2. lateral flexion and rotation of 
trunk 
1. outer half of Poupart's ligament 
2. anterior half of middle lip of 
iliac crest 
3. lumbar fascia 
1. costal cartilage of seventh to 
tenth ribs 
2. linea alba 
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Function 
Transversalis 
Origi·n 
Insertion 
Function 
1. flexion of the trunk 
2. lateral flexion and rotation of 
the trunk 
1. lower 6 costal cartilages 
2. transverse process of lumbar 
vertebrae 
3. anterior half of inner lip of 
iliac crest 
4. outer third of Poupart's ligament 
1. linea alba 
2. crest of os publi : 
Compression of the abdomen and 
fixation of the linea. alba 
The sit-up when performed with a ten pound plate on 
the chest, requires strong flexion of the muscles of the 
trunk, which are: the rectus abdaminus, external and internal 
' ablique, and the transversalis. The ten pound iron plate is 
used so that the amount of repititions will be reduced, thus 
preventing the activity from being an endurance exercise. 
The author wishes to p'oint out that few, if any, of 
the movements involved in the weight resistance strength 
test, can be performed by a single unified groups of muscles, 
such as, flexors or extensors. These movements must be. 
guided by others. \Vhen a given muscle produces flexion, it 
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may also tend to produce outward rotation. In order to 
counteract this rotation or to control it to the desired 
degree, some inward rotator must contract to the exact · 
amount. This second muscle may also produce flexion, so an 
adjustment must be made between the two to give only the 
necessary amount of flexion. 
- - --- ----=---=--==..:::::::=--...:...:...=-
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CHAPTER V 
ANALYSIS OF THE DATA 
The analysis o~ the data is as ~ollows: 
1. Range of scores in each of the five items in the 
test. 
2. The frequency of each test item. 
3. The computation of the mean, medium and mode for 
each of the five test items. 
4. The computation of T-Score values in the Two Hand 
Curl. 
5. The computation of T-Score values in the Deep Knee 
Bend. 
6. The computation of T-Score values in the Dumbell 
press. 
7. The computation of T-Score values in the Upright 
Rowing Motion. 
8. The computation of T-Score values in the Sit-Ups. 
9. The total T-Score values for all of the test items. 
(Unweighted Strength Index.) 
10. Rating the Unweighted Strength Index. 
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Table I 
Range of scores, frequency, mode, medium, mean and 
standard deviation for scores in the Two Hand Curl. 
N : 100 pupils Grades eleven and twelve 
Scores 
Repititions 
performed 
10-11 
8-9 
6-7 
4-5 
2-3 
0-1 
Mode 
Medium 
Mean 
Standard Deviation 
Frequency 
6 
6 
20 
38 
23 
7 
-
-N • 100 
4 
4 
4.65 
An analysis of Table I indicates that the range of 
scores obtained on item 1 on the test by 100 pupils runs 
from a low of 1 to a high score of 11. 
By inspection of the distribution it is quite apparent 
that the scores obtained tend to distribute themselves sym-
metrically about the mean. 
~ -
-- ---- --
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The mean for the entF e group fell about halfway 
in the distribution. 
The test scores distribute themselves almost equally 
on both extremes of the mean which is significant in that 
the test item was a challenge to all. 
Table II 
Range of scores, frequency, mode, medium, mean and 
standard deviation for scores in the Deep Knee Bend. 
N = 100 pupils Grades eleven and twelve 
Scores 
Repititions 
performed 
32-35 
28-31 
24-27 
20-23 
16-19 
12-15 
8-11 
4-7 
0-3 
Mode 
Medium 
Mean 
Standard Deviation 
Frequency 
1 
5 
8 
13 
6 
18 
15 
25 
9 
N = 100 
15 
12 
13.03 
8.25 
--
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An analysis of Table II i ndicates that t he range of 
sc ores obtained on item 2 on the test b y 100 pupils runs from 
a low of 0 to a high of 35. Here again the scores obtained 
tend to distribute themselves symmetrically about the mean. 
There were nine pupils whose score in this item was from 0 to 
3, which indicates that this second item was more difficult 
than item one on the test. 
By inspection of the distribution it is quite apparent 
that the scores obtained tend to distribute themselves sym-
metrically about the mean. By eye, the resultant curve ap-
proximates the normal curve of distribution, but not q~ite as 
closely as do the results of item one on the test. 
The range of scores for item tw~ was significantly greater 
due perhaps to activities in our physical education programs 
which requ ire leg action rathe r than arm and shoulder girdle 
action. 
Table III 
Range of score s , frequency, mode, medium, mean and 
standard deviation for scores in the Dumbell Press. 
N • 100 pupils Grades eleven and twelve. 
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Scores 
Repititions 
performed 
10-11 
8-9 
6-7 
4-5 
2-3 
0-1 
Kode 
Medium 
Mean 
Standard Deviation 
Frequency 
6 
9 
19 
35 
19 
12 
N = 100 
4 
4 
4.52 
1.3 
An analysis of Table III indicates that the range of 
scores obtained on item three in the test by 100 pupils runs 
from a low of 0 to a high score of 11. Comparing this with 
item one, one finds that the range is identical in both 
items one and three. The reason might be that both items 
are a measure of arm strength. There were sixty-seven pupils 
whose sco.re was from 0 to 5 on this item. This indicates the 
apparent need for arm and shoulder girdle activities in our 
physical education programs. 
The resultant distribution deviates slightly from the 
normal curve of distribution, beir.g slightly skewed at the 
lower extreme of the range. 
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Table IV 
Range of scores, frequency, mode, medium, mean and 
standard deviation for scores in the Upright Rowing Motion. 
N • 100 pupils, Grades eleven and twelve. 
Scores 
Repititions 
performed 
9-11 
8-9 
6-7 
4-5 
2-3 
0-1 
Mode 
Medium 
Mean 
Standard Deviation 
Frequency 
4 
8 
17 
35 
26 
10 
N • 100 
5 
4 
4.43 
1.2 
An analysis of Table IV indicates that the range of 
scores obtained on item 4 by 100 pupils runs from a low 
of 0 to a high score of 11. Here again the range is identical 
to items one and three. By inspection of the distribution it 
is quite apparent that the scores obtained tend to distribute 
themselves symmetrically about the mean of the distribution. 
By eye, the resultant curve approximates the normal curve of 
distribution. 
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It might be of interest to note that all the test items 
involving arm and shoulder girdle strength had the same range 
of scores (0-11). 
Table V 
Range of scores, frequency, mode, medium, mean and 
standard deviation for scores in the Sit-Ups. 
N = 100 pupils Grades eleven .and twelve. 
Scores 
48-53 
42-47 
36-41 
30-35 
24-29 
18-23 
12-17 
6-11 
0-5 
Mode 
Medium 
Mean 
Standard Deviation 
Frequency 
3 
1 
4 
18 
27 
17 
16 
12 
2 
N = 100 
25 
24 
23.28 
10.1 
An analysis of Table V indicates that the range of 
scores obtained on test item 5 by 100 pupils runs from a 
low of 0 to a high score of 53. By inspection of the distri-
bution it is quite apparent that the scores obtained tend to 
========-=~-------~~============~=============================*~======= 
distribute themselves symmetrically about the mean of the 
distribution. Here we have a greater range due perhaps to 
a decrease in the resistance applied. By eye, the resultant 
curve approximates t .he normal curve of distribution. 
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TABLE VI 
COMPUTATION OF T-SCORES FOR RECORDS IN THE TWO HAND 
CURL 
Raw Scores No.Exceed- Half of III VxlOO T-
!Repetitions ing Each Those Mak- and N Score 
Perfonned Frequency Score ing Each IV 
score 
I II III IV v VI VII 
11 3 0 1.5 1.5 1.50 71.5 
10 3 3 1.5 4.5 4.50 67. 
9 2 6 1 7 7.00 65. 
8 4 8 2 10 10.00 63. 
7 5 12 2.5 14.5 14.50 60.5 
6 15 17 7.5 24.5 24.50 57. 
5 20 32 10 42 42.00 52. 
4 18 52 9 61 61.00 47.5 
3 12 70 6 76 76.00 43. 
2 11 82 5.5 87.5 87.50 38.5 
0-1 7 93 3.5 96.5 96.50 32. 
N = 100 
An analysis of Table VI indicates that the range of T-
scores obtained as Item One by 100 pupils runs from a low of 
h2 . to a high score of 71.5. 
I 
By inspection of the distribution, it is quite apparent 
t hat the scores obtained fall around the mid point of the range, 
i nd the number achieving each record above and below this mid . 
oint ralls orr until only a rew have achieved the best and the 
oorest records farthest from the average. 
I 
I 
I 
I 
t= 
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TABLE VII 
COMPUTATION OF T-SCORES FOR RECORDS IN THE DEEP KNEE BEND 
Raw Scores No. Half of 
Repetitions Exceeding Those Making vnoo 
Performed Frequency Each Score Each Score III+ IV ---r- T-5core ., 
I II ni IV v VI vn 
35 1 0 .5 .5 .50 76 
34 
.3.3 
32 
31 
30 5 1 2.5 3.5 3.50 68 
29 
28 
27 4 6 2 8 8.00 64 
26 
25 4 10 2 12 12.00 61.5 
24 
23 4 14 2 16 16.00 60 
22 .3 18 1.5 19.5 19.50 . 58.5 
21 4 21 2 23 23.00 57.5 
20 2 25 1.5 26.5 26.5 56.5 
19 2 27 1 28 28.00 56 
I 18 1 29 .5 29.5 29.5 55.5 
17 2 30 1 31 31.00 55 I I 16 1 32 .5 32.5 32.5 54.5 
II 15 6 33 3 36 36.00 53.5 14 3 39 1.5 40.5 40.5 52.5 
13 -5 42 2.5 44.5 44.5 51.5 
12 4 47 2 49 49.00 50.5 
11 6 51 3 54 54.00 49 
10 4 51 2 59 59.00 48 
9 4 61 2 63 63.00 46.5 
8 2 65 1.5 66.5 66.50 46 
7 7 67 3.5 70.5 70.50 44.5 
6 6 74 3 77 77.00 42.5 
5 6 80 3 83 83.00 40.5 
4 6 86 3 89 89.00 37.5 
3 4· 92 2 94 94.00 34.5 
2 3 96 1.5 97.5 97.5 31 
0-1 1 99 1 100 100.00 20.5 
N = 100 
(Footnote continued on next page) 
----
- --- ---
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(Table VII continued) 
An analysis of Table 7 indicates that the range of T-seore 
obtained on test item 2 by 100 pupils runs from a low of 
20.5 to a high score of 76. 
By inspection of the Distribution it is quit.e apparent that 
the scores obtained fall around the midpoint of the range, 
and the number achieving each record above and below t.his 
midpoint falls off until only a few have achieved the best 
and poorest records farthest from the average. 
- . ~-
------
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TABLE VIII 
COMPUTATION OF T-5CORES FOR RECORDS IN THE DUMBELL PRESS 
Raw Scores No. Half of 
Repetitions Exceeding Those Making vnoo 
Performed Frequency Each Score Each Score III + IV N T-Score 
I II III IV v VI VII 
11 3 0 1.5 1.5 1.50 71.5 
10 3 1 1.5 2.5 2.50 69.5 
9 4 4 2 6 6.00 65.5 
8 5 8 2.5 10.5 10.50 62.5 
7 6 13 ) 16 16.00 60 
6 13 19 6.5 25.5 25.50 56.5 
5 20 32 10 42 42.00 52 
4 15 52 7.5 59.5 59.50 47.5 
3 6 67 3 70 70.00 45 
2 13 73 6.5 79.5 79.50 41.5 
0-1 12 86 6 92 . 92.00 36 
N = 100 
An analysis of Table VIII indicates that the range of T-Scores ob-
tained on test item 3 by . 100 pupils runs fran a low of 36. to a. 
high score of 71.5. 
By inspection of the distribution it is quite apparent that the 
scores obtained fall around the midpoint of the range, and the 
number.achieving each record above and below this midpoint falls 
off until only a few have achieved the best and the poorest 
records farthest from the average. 
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TABLE IX 
COMPurATION OF T-SCORFS FOR RECORDS IN THE UPRIGHT ru:mNG MOTION 
Raw Scores No. Half of 
Repetitions Exceeding Those Making vnoo 
1 Performed Frequency Each Score Each Score III + IV T-Score 
I II III IV v VI VII 
11 1 0 
·' ·' 
.50 76 
10 3 1 1.5 2.5 2.50 69.5 
9 4 4 2 6 6.00 65.5 
8 4 8 2 10 10.00 63 
7 7 12 3.5 15.5 15.50 60 
6 10 19 5 24 24.00 57 
5 15 29 7.5 36.5 36.50 53.5 
4 20 34 10 44 44.00 51.5 
3 14 54 7 61 61.00 47.5 
2 12 68 6 74 74.00 43.5 
0-1 10 80 5 85 85.00 39.5 
N = 100 
An analysis of Table IX indicates that the range of T-Scores 
obtained on item four by 100 pupils runs from a low of 39.5 
to a high score of 76. 
By inspection of the distribution it is quite apparent that the 
scores obtained fall around the mid-point of the range, and the 
number achieving each record above and below this mid-point falls 
off until only a few have achieved the best and poorest records 
farthest from. the average. 
~ 
-- --- - -- ----;= ~-
TABLE X 
COMPtJrATION OF T-5CORES FOR RECORDS IN THE SIT-UPS 
Raw Scores No. Half of 
Repetitions Exceeding Those Making ·vuoo 
Performed Frequency Each Score Each Score III + IV -r T-score 
I II III IV v VI vn 
52 1 0 .5 .5 .50 76 
51 
50 
49 1 1 .5 1.5 1.50 71.5 
48 1 2 .5 2.5 2.50 69.5 
47 
46 
45 
44 1 3 .5 3.5 3.50 68.5 
43 
42 
41 
40 1 4 .5 4.5 4.50 67 
39 3 5 1.5 6.5 6.50 65 
38 
37 
36 
35 4 8 2 10 10.00 63 
34 4 12 2 14 1.4.00 61 
33 4 16 2 18 18.00 59 
32 
31 6 20 3 23 23.00 57.5 
30 
29 7 26 3.5 29.5 29.50 55.5 
28 
27 
26 
25 20 33 10 43 43.00 52 
24 
23 6 53 3 56 56.00 48.5 
22 
21 
20 11 59 5.5 64.5 64.50 46.5 
19 
18 
17 11 70 5.5 75.5 75.50 43 
16 
15 
14 5 81 2.5 83.5 83.50 40.5 
13 ( coEtinued on f ~11owing page) 
-- --
-- -
- -- ------ --
--- - ---
(Table X continued) 
Raw Scores Number Halt of 
Repetitions Frequency Exceeding Those Making ~00 Performed Each Score Each Score III + IV T-score 
I 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
II III IV v VI VII 
4 86 2 88 88.00 38 
5 90 2.5 92.5 92.50 35.5 
3 95 1.5 96.5 96.50 32 
1 98 .5 98.5 98.50 28.5 
1 99 .5 99.5 99.50 24 
N = 100 
An anal1sis of Table 10 indicates that the range of T-Scores . 
obtained on item five by 100 pupils runs from a low of 24. to 
a high score of 76. 
By inspection of the distribution it is quite apparent that 
the scores obtained fall around the mid-point of the range 
and the number achieving each record above and below this 
mid-point falls off until only a few have ac)lieved the best 
and poorest records farthest from the average. 
- ---- = -==- ·~=-=-~ --=-==-==- =-- - = 
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Total T-3core Values 
in 
Step Intervals 
325.00 
315.00 
305.00 
295.00 
285.00 
275.00 
265.00 
255.00 
245.00 
235.00 
225.00 
215.00 
205.00 
195.00 
185.00 
175.00 
165.00 
155.00 
145.00 
135.00 
125.00 
115.00 
105.00 
95.00 
85.00 
75.00 
65.00 
55.00 
45.00 
35.00 
TABLE XII 
RATING CHART 
Frequency Rating 
5 I Best 6% Superior 1 
5 
8 Higher 24% 6 Excellent 
6 
7 
10 Middle 4CJI, Good 15 
7 
10 
4 
3 Lower 24% Fair 3 
2 
2 
1 
1 
1 
1 Poorest 6% Poor 
1 
N = 100 
In this type of rating scale the individuals are rated according to the 
no:rma.l probability curve. 
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An analysis of table twelve indicates that the range of total 
T-score values (as computed on tables 6-11) obtained on the test by 
100 pupils runs !rom a low of 35.00 to a high score of 325.00. 
By inspection of the distribution it is quite apparent that the 
scores obtained tend to distribute themselves ~etricallY about the 
mean. 
The normal probability type of rating scale was used to rate 
the individuals that took the test. 
The individuals were classified as 
Best 6% 
Next 24% 
Middle 4CJ/, 
Next poorer 24% 
Poorest 6% 
Superior 
Excellent 
Good 
Fair 
Poor 
In this type of scale individuals are rated according to the normal 
probability curve. 
Limits of Achievement in each Category 
325.00 to 315.00 • • • • • • • • • • • • • • • • • Superior 
305.00 to 275.00 
265.00 to 235.00 
225.00 to 175.00 
165.00 to 35.00 
• • • • • • • • • • • • • • • • • 
• • • • • • • • • • • • • • • • • 
• • • • • • • • • • • • • • • • • 
••••••••••••••••• 
Excellent 
Good 
Fair 
Poor 
1 Reliability. The Kuder-Richardson "foot-rule" coefficient was the 
method used to obtain an estimate of the reliability of the test. The 
:r ormula reads as follows: 
2 --n ot -npg 
rtt = n-1 o t2 
in which P == ~ and q = 1.00 - p, and where M is the m.ean and ot the 
standard deviation of the test scores, and n is the number o! test items. 
The coefficient of reliability !or the Weight Resistance Strength 
test as determined by the administration of the test to 25 Juniors and 
Seniors who were in the pre-experimental group is .885. This indicates a 
desirable degree o! consistency. 
1
•Kuder, G. F., and Richardson, M.W., The Theory of the Estimation of 
Test Reliability, Psychametrika, Vol. 21 September 1937, pp. 151-160. 
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CHAPTER VI 
S~!ARY AND CONCLUSIONS 
Summary of the Study 
The purpose of this study is to construct a weight-
resistance strength test for use in secondary schools. A 
careful search of the literature concerning strength testing, 
and the construction of tests was conducted. On the basis 
of the results of this search the five items in the test were 
determined together with the necessary administrative direc-
tions. 
The test was first given to an experimental group to 
discover basic weaknesses, then administered to 100 Juniors 
and Seniors of a local suburban town. The completed tests 
were scored, using the scoring tables shown in the Appendix 
of this study. 
The use o.f strength tests in the administration of 
any physical education program was also demonstrated in the 
study. 
The analysis of the data included the following: 
1. Range of scores, frequency, mode, medium, mean 
and standard deviation for scores in the Two Hand 
Curl. 
2. Range of scores, frequency, mode, medium, mean and 
standard deviation for scores in the Deep Knee Bend. 
5.5' 
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3. Range of' scores, frequency, mode, medium, mean 
and standard deviation for scores in the Dumbell 
Press. 
4. Range of scores, frequency, mode, medium, mean 
and standard deviation for scores in the Upright 
Rowing Motion. 
5. Range of scares, frequency, mode, medium, mean 
and standard deviation for scores in the Dumball 
Press. 
6. Computation of r,r'- Scores for records in the Two 
Hand Curl. 
7. Computation of T-Scores for records in the Deep 
Knee Bend. 
a. Computation of T-Scores for records in the Dumbell 
Press. 
9. Computation of T-Scores for records in the Upright 
Rowing Motion. 
10. Computation of T-Scores for records in the Sit-Ups. 
11. The total T-Score values for all of the test items. 
12. Rating chart. 
13. Estimate of test reliability. 
Conclusions 
From the analysis of the data given in Chapter IV, the 
following conclusions concerning the Weight Resistance Strengtl 
Test were drawn: 
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-1. The distribution of scores for each test item re-
sults in curves which approximate normal curves. 
2. The distribution of the total T-Scores results 
in a curve which approximates the normal curve, with 
a mean score of 249.50. 
3. The "foot rule" coefficient of reliability for the 
test is .885. 
4. The range of scores for the Deep Knee Bend and the 
Sit-Ups was considerably greater than the other 
three test items, due perhaps to insufficient re-
sistance. 
5. The range of scores for the Two Hand Curl and the 
Dumbell Press was identical, which is significant 
because both test items measure ar.m strength. 
6. Sixty-seven pupils' score on item three (the Dmnbell 
Press) was from 0-5. This indicates the apparent 
need for ar.m and shoulder girdle activities in 
our physical education programs. 
7. The distribution of scores for test item 3 (the dumb-
bell press) deviates slightly from the normal curve 
of distribution, being skewed at the lower extreme of 
the range. 
8. The T-scores (obtained for all of the test items) fall 
around the midpoint of the range, and the number achiev-
ing each record above and below this midpoint falls 
off until only a few have achieved the best and 
57 
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poorest records faithest from the average. 
9. The total T-Score Value scores distribute them-
selves symmetrically about the mean. 
10. More resistance must be applied for item 2 and 5 
on the test (the deep knee bend and the sit-ups) 
in its present state the deep knee bend and the 
sit-ups are more of an endurance exercise than a 
strength item. 
II 
CHAPTER VII 
LIMITATIONS OF THE STUDY AND NEED FOR FURTHER RESEARCH 
Limitations of tbe Study 
1. The Weight Resistance Strength Test was not validated 
statistically by cob~elations with a previously 
valioated strength test such as F. R. Rogers' 
Strength Test. The equipment necessary (spirometer, 
hand, back and leg dynamotors) to administer Rogers' 
test were not available where the testing took place. 
2. The experimental group to which the test was ad-
ministered was not large enough in number to be 
significant. 
3. An analysis of the scores achieved on test items 
2 and 5 indicate a need for some revision as to 
the resistance used on these items before final 
conclusions may be drawn. 
4. The group to which the test was administered was 
not large enough in number for the results to be 
significant. 
Need For Further Research 
1. Correlation of the Weight Resistance Strength Test 
with F. R. Rogers' strength test to determine its 
validity. 
2. Make a factorial analysis of test item scores. 
3. Analyze the administrative directions for the purpose 
of eliminating evident occasional misunderstanding 
of directions by pupils who take the test. 
4. An analysis of items2 and 5 on the test to determine 
the proper amount of resistance to be used. 
5. This test might be given in grades nine and ten 
to determine grade differences. 
6. The establishment of norms for the Weight Resistance 
Strength Test. 
7. An adaptation of the test for college use. 
8. The administration of the test to persons having 
orthopedic conditions to determine the strength 
of muscle groups weakened or impaired as a result 
. of disease or injury. 
9. The administration of the Weight Resistance Strength 
Test to secondary school girls with some revision. 
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APPENDIX 
Number 
---
DATA SHEET 
DP.ITE ________________ _ 
NAME ____________________________ ___ 
I GRADE LEVEL 
Feet 
Height _____ _ 
Age 
Weight _________ lbs. 
BODY TYPE 
(1) Ectomorph 
(2) Mesomorph 
( 3) Endomorph 
TEST ITEMS 
(1) Curl 
(2) Deep Knee Bend 
(3) Dumbell Press 
Jr. LJ Sr. ~1-..J/ 
Inches 
TEST SCORES T-SCORE VALUES 
(4) Upright Rowing Motion 
(5) Sit Ups 
SPORTS PARTICIPATION 
Football 
Baseball 
Basketball 
Track 
TOTAL T-SCORE VALUES 
or 
UNWEI GHTED STRENGTH Il\TDEX 
RATING 
Superior 
Excellent 
Good ----------
Fair 
Poor 
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SAMPLE STRENGTH TEST RECORD CARD 
NAME 
------------------------------
Weight 
Height 
(Pounds) 
(Inches) 
THE 5 TEST ITEMS TEST SCORES 
The two hand curl 
The deep knee bend 
The dumbell press 
The upright rowing motion 
Sit ups 
TarAL T-SCORE VALUES 
or 
T-SCORE 
UNWEIGHTED STRENGTH INDEX 
I RATING I Superior 
Excellent 
Good 
Fair 
Poor 
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VALUES 
II 
il 
I 
THE UTILIZATION OF THE UNWEIGHTED STRENGTH INDEX 
FOR THE CLASSIFICATION OF PUPILS FOR ACTIVITIES IN 
THE PHYSICAL EDUCATIONAL PROGRAM 
Team Team Team Team 
A B X ¥. 
300.00 295.00 205 200 
285.00 290.00 190 195 
270.00 265.00 180 185 
255.00 260.00 175 170 
240.00 230.00 160 .· 165 
i 220.00 210.00 155 150 
11,. 570 .oo 1,540.00 1,065 1,065 
I 
II 
I 
j 
ll 
With the above strength Indices it is possible to divide 
physical education classes into teams of equal ability for 
competition in team games (and other programs) by simply 
arranging names in order of strength Indices, the largest s. I. 
at the top, etc., and then dealing out names in as many piles 
as there are to be teams, dealing first to the right, then to 
the left, then to the right, until all cards or names are 
dealt out. The final step is to add strength Indices for 
each team and make any necessary adjustments to provide equal 
totals (equal within 50 to 100 points). 
